The purpose of this study was to investigate if low doses of levobupivacaine (0.1%) produce complete sensory blockade in preoperative axillary brachial plexus block and to compare the effect of different doses of levobupivacaine on sensory and motor blockade.
The axillary brachial plexus nerve block is frequently used for surgical procedures performed on the hand, forearm and elbow. Since Baranowski and Pither 1 introduced the multiple-nerve stimulation technique in 1990, several clinical studies of axillary blockade have reported improved results when comparing multiple to single injections. The multiplenerve stimulation technique, in which the four main nerves of the plexus are localised at the axilla by a nerve stimulator and separately injected, was shown to produce a high success rate [2] [3] [4] . Koscielniak-Nielsen et al 5 were the first to report high effectiveness of low-dose axillary block using the multiple-nerve stimulation technique. Serradell et al 6 also obtained similar results in their study. Continuous interscalene nerve block with levobupivacaine 0.125% has been demonstrated to be effective for postoperative analgesia 7 . However, no studies have been conducted to determine the efficacy of a lower concentration of levobupivacaine for axillary block.
The aim of this prospective, randomised, doubleblind study was to determine whether a low concentration of levobupivacaine (0.1%) could be used for axillary block for surgical procedures on the upper limb. We also compared different volumes of low concentration (9 ml×4 or 18 ml×4) of levobupivacaine 0.1% with levobupivacaine 0.25% (9 ml×4) for upper limb surgery.
METHODS
After ethics committee approval and written informed consent were obtained, 110 patients were selected for the study. These patients were American Society of Anesthesiologists (ASA) physical status I and II and were scheduled for elective surgery of the hand, wrist or forearm. Exclusion criteria included local or systemic disease contraindicating regional anaesthesia and diseases affecting sensory or motor function of the upper extremity unrelated to the orthopaedic disorder. By using a computer-generated sequence of random numbers, patients were assigned to receive either 36 ml of levobupivacaine 0.1% divided into 9 ml for each nerve (group A, n=36); 72 ml of levobupivacaine 0.1% divided into 18 ml for each nerve (group B, n=38); or 36 ml of levobupivacaine 0.25% divided into 9 ml for each nerve (group C, n=36) in a blinded fashion.
Patients were premedicated with 1 or 2 mg of midazolam intravenously. Standard monitors including noninvasive arterial blood pressure, electrocardiograph (lead II), heart rate and oxygen saturation monitors were placed. All nerve blocks were performed by an experienced anaesthesiologist with the aid of a nerve stimulator (Stimuplex DIG ® , B Braun Melsungen, Melsungen, Germany). Patients were asked to abduct their arm to an angle of 90°. The arterial pulse was palpated at the level of the pectoralis major muscle crossing the axilla. Subcutaneous tissue overlying the artery was infiltrated with lignocaine 1%. A 22 gauge, 50 mm, stimulating needle (Stimuplex ® , B Braun Melsungen, Melsungen, Germany) was inserted. The nerve stimulator was initially set at current output 1.0 mA, frequency 1 Hz and pulse duration of 0.1 ms. Nerves were located according to specific twitches elicited by their stimulation (musculocutaneous nerve; forearm flexion: median; radial flexion of the wrist, second and third finger flexion, pronation: ulnar; ulnar flexion of the wrist, fourth and fifth finger flexion, thumb adduction: radial; wrist and/or finger extension with or without forearm extension). After obtaining a visible motor response at a current output of <0.4 mA and a negative aspiration test, the predetermined dose of local anaesthetic solution was injected. No adrenaline was added to the solutions. After injection, the arm was kept adducted with the hand resting on the chest.
Sensory and motor block of the musculocutaneous, radial, ulnar and median nerve were evaluated immediately and at five, 10, 20 and 30 minutes after completion of the injection. Sensory block was determined by pinprick test. A pinprick sensation on the contralateral arm was scored as 100 points 8 . Patients were requested to compare pinpricks (27 gauge needle) in the primary innervation areas of the respective nerves in the anaesthetised arm with the contralateral arm. The scale ranged from 100 points (full sensation) to 0 points (no sensation). The sensory areas in the skin were lateral side of forearm (musculocutaneous nerve), thenar eminence (median nerve), hypothenar eminence (ulnar nerve) and radial dorsum of the hand (radial nerve). Primary block effectiveness was calculated as the percentage of patients in each group in which an effective block (no pain, a reduction in sensibility to 60% or less based on the sensory scale) was obtained at 30 minutes. If the block produced incomplete analgesia in any areas below the elbow, the patients received supplementary blocks with 5 ml of levobupivacaine 0.25% at the elbow (median, radial) or mid-humerus (ulnar, musculocutaneous) following nerve stimulation. These patients were excluded from further investigation.
Motor block was evaluated by thumb abduction (radial nerve), adduction (ulnar nerve), thumb opposition (median nerve) and flexion of the elbow in supination and pronation of the forearm (musculocutaneous nerve). Measurements were performed using a modification of the Lovett rating scale from 6 (usual muscular force) to 0 points (no movements) 8 .
This study was designed as a randomised, blinded and parallel-controlled clinical trial, but the steps of the study were performed as a double-blinded method. Due to the use of different local anaesthetic volumes in one group, it was not possible to use a triple-blind design. However, an anaesthesiologist who was not involved in the performance of brachial plexus block, patient care or data collection prepared all local anaesthetic solutions. The first author, unaware of local anaesthetic selection, who was blinded to the purpose of this study, performed all blocks. An independent observer unaware of group assignment evaluated the evolution of sensory and motor block during preoperative period. At the end of surgery the patients were informed that they should note the time when, in their opinion, the arm was fully recovered from the block. The condition of recovery was checked by one of the investigators, blinded to which local anaesthetic had been used. All data collected were analysed by an independent statistician.
The following variables were recorded: block performance time (measured from insertion to removal of the neurostimulation needle); incidence of accidental paraesthesia; latency time (measured from the end of primary block to the beginning of surgery); duration of sensory block (measured as the time between the end of axillary block and the patient's determination of full recovery) and the duration of motor block (measured as the time between the end of axillary block and the recovery of motor function).
The sample size was calculated according to the results of a pilot study carried out at our hospital, in which the number of patients using 0.25% levobupivacaine (9 ml×4) was the reference group. Sensory blockade, assessed by pinprick with a reduction to 22±8% of musculocutaneous nerve at 30 minutes after completion of the injection, was considered an effective block based on the pilot study (16 cases) . The assumed value of 26.9 of musculocutaneous nerve at 30 minutes was selected in the treatment group (0.1% levobupivacaine, 9 ml×4), allowing for an a error of 5% and a β error Anaesthesia and Intensive Care, Vol. 36, No. 6, November 2008 of 20%. group sample sizes of 34 and 34 achieved 80% power to detect non-inferiority using a onesided, two-sample t-test; the margin of equivalence was 4.9. Considering an additional group of 0.1% levobupivacaine (18 ml×4), the total sample size should be 102 patients. More patients were included in each group as replacements for possible dropouts. Statistical analysis of data was performed with the SPSS/PC+ (version 11.0, SPSS Inc, Chicago, IL, USA) software program. Data are expressed as mean ± SD or median (minimum-maximum) unless indicated otherwise. Homogeneity of the three groups with regard to age, gender, weight, ASA status, region of surgery and the type of procedure was analysed. Quantitative variables in the three study groups were compared using one-way analysis of variance with Bonferroni's correction in the post-hoc analyses. The Kruskal-Wallis test was used as a non-parametric alternative. Comparison of categorical variables was carried out using the c 2 test. A P value <0.05 was considered significant.
rESULTS
A total of 113 patients were involved in the study. One patient each in group A and in group C with successful blocks requested to withdraw from postoperative evaluation and hence were omitted from analysis. One patient in group A had incomplete data collection so was omitted from analysis. This left a sample size of 36, 38, and 36 participants in each group, respectively. As shown in Table 1 , there were no significant differences in patients' characteristics, ASA physical status, region of surgery, type of surgery, tourniquet time or duration of surgery in the three groups.
There were no general anaesthetics, sedative drugs or additional analgesic drugs given in the study. results of axillary plexus block are shown in Table 2 . After 30 minutes evaluation, there were six failed blocks (two in group A, three in group B and one in group C) in the study. These patients received supplementary blocks with levobupivacaine as mentioned in the methods.
The block performance time was significantly shorter in patients receiving 36 ml (9 ml×4) levobupivacaine 0.1% compared with 72 ml (18 ml×4). Six patients (two in each group) suffered from accidental paraesthesia while the block was performed, but no sign or symptom of nerve injury was present at patient discharge. The percentages of patients with primary block effectiveness were similar in the three study groups. The duration of sensory block and motor block among the three groups of patients are shown in Table 2 . We found that there was no significant difference among the three groups.
The onset times for sensory and motor block for each nerve distribution are presented in Table 3 . There was no statistical difference among the three groups. No difference in the quality of blockade was recorded among the groups. Intraoperative pain due to tourniquet application during surgery was noted in five patients in group A and in three patients each in groups B and C. In these patients, pain resolved immediately after release of the tourniquet without any additional analgesic requirement. Heart rate, systolic and diastolic arterial pressure, oxygen saturation and respiratory rate remained stable; no differences were noted among groups. No patient showed any signs of local anaesthetic toxicity, inflammation of puncture site or nerve injury. 
DISCUSSION
This prospective, randomised, blinded, parallelcontrolled study demonstrates that both 0.1% and 0.25% concentrations of levobupivacaine provide sensory and motor block when quadruple-nervestimulation technique is used for axillary brachial plexus blockade. To our knowledge, this is the first study of the efficacy of low concentrations of levobupivacaine on the axillary brachial plexus block. Our study has shown that the smaller dose of 36 mg levobupivacaine (used in patients in group A) was able to produce adequate analgesia and anaesthesia for surgical procedures involving the hand, forearm and elbow.
A large dose and volume of local anaesthetic are thought to be important determinants of successful brachial plexus block 9 . It is believed variables like the onset time, intensity and duration of regional anaesthetic are ultimately determined by the dose of injected local anaesthetic (dose = concentration × volume) 10 . However, in the present study, the onset of sensory and motor block of each nerve distribution at each time point were similar in the three groups even though the dose of injected levobupivacaine was higher between group A and group C. We think that there are at least two possible explanations for the lack of any change in the onset of sensory and motor block. First, the increasing dose of levobupivacaine may be insufficient to produce a significant difference in onset of block. Second, the quadruple-nerve-stimulation technique may allow the needle to be placed close enough to the desired nerves that even a small volume and concentration can produce adequate blockade of sensory and motor nerves. In a previous study 6 , it has been demonstrated that there were no difference in sensory or motor block in the groups given 20 ml, 28 ml and 38 ml of mepivacaine 10 mg/ml using multiple-nerve stimulation technique.
Success for individual nerve blocks in axillary block varies from 60% to nearly 100% depending on the technique 11 . In the present study, a high rate of complete sensory block was obtained, with a success rate higher than 92% in the three study groups, including patients assigned to levobupivacaine 36 mg in group A. Many clinical studies of axillary blockade have reported improved results when comparing multiple stimulations to a single stimulation, paraesthesia technique or transarterial technique 1, 12 . Moreover, three or four nerve response techniques resulted in the highest rate of complete sensory block 3 . Independent of the method, the proximity of needle to brachial nerves is important for successful axillary nerve block.
With regard to the optimal stimulating current, it has been suggested that a stimulating current less than 0.5 mA should be used in every patient, which means that the stimulating needle is sufficiently close to the nerve. In our study, needle position was considered adequate at the point when motor response could be elicited using a current less than 0.4 mA. We accept that there is still a risk of nerve injury if the stimulating needle is too close to the desired nerve. In our study, accidental paraesthesia MC  62±18  50±21  30±13  18±10  70±19  62±18  33±11  23±13  62±23  56±17  33±18  21±13   MED  65±17  55±18  34±15  21±11  75±25  65±27  35±23  23±11  67±19  57±25  32±19  20±11   rAD  60±25  48±23  34±16  19±14  69±27  58±22  32±14  20±11  60±26  50±12  30±11  18±13   ULN  67±12  60±19  32±15  22±12  73±21  62±19  33±28  21±10  63±14  52±11  34±15 occurred while performing the block in six cases, but there were no signs suggestive of any nerve injury in the postoperative period. Previous studies in animals, volunteers and patients have demonstrated a significant reduction in cardiac or central nervous system toxicity with the use of the single (S-)-enantiomer levobupivacaine when compared with equal doses of racemic bupivacaine 13, 14 . However, several case reports of central nervous system toxicity after injection of levobupivacaine for neural block procedures have been reported 15, 16 . Central nervous system or cardiovascular toxicity may result from accidental IV injection, rapid systemic uptake or relative overdosage of local anaesthetics; therefore we believe that smaller dosage of local anaesthetic will be associated with reduced toxicity. Logically, a smaller dose of levobupivacaine should be used to provide safe and effective anaesthesia for bilateral axillary plexus block.
In the present study, all the blocks were performed by the same author, who has performed more than 500 blocks with the multiple-nerve stimulation technique. The time needed to perform the block was significantly longer in group B than that in group C. This result was expected because of the larger volume that was used in group B. However, a difference of two minutes in mean performance time could be considered clinically unimportant.
There are several limitations of our study that must be pointed out. The anaesthesiologist performing the block was unaware of the purpose of the study, but was not blind to the volume of the solution. In addition, all the blocks were performed by one experienced regional anaesthesiologist. Probably, it would have been more clinically relevant had the blocks been performed by a group of anaesthesiologists.
In conclusion, we found that, using a multiple injection technique, 36 mg of 0.1% levobupivacaine resulted in a similar block effectiveness to that of larger doses (72 or 90 mg).
